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With recent improvements in immunusuppressivc therapy
and general management, onhotopic heart transplantation
has become a widely accepted therapy for patients with
cad-stage cardiac disease . More than 16,700 transplant pro-
cedures have been performed worldwide to date WU . Each
year approximately 1,600 patients in the U .S . alone receive
an onhotopic heart transplant
. Although the ycarly volume
is unlikely to increase substantially because of the limited
supply of donor hearts, the
numbed-of
recipients continues to
increase as the long-term survival has improved to 09% at 5
years .
These patients require sophisticated medical care and
present formidable diagnostic and thempeut;c challenges
.
The average transplant recipient has one episode of rejection
during the Ist ,ear and 25% of patients have multiple
episodes (2).
Mortality related to acute rejection is highest in
those episodes associated with "vascular rejection - ' of the
small coronary arteries 131. As the threat of acute rejection
subsides, the incidence of accelerated coronary artery dis-
ease increases, and up to 50% of patients demon-srat'
significant epicardial vessel stenoses by 3 years 141
.
Amapsy
studies have shown the incidence of the pruliferalive
coronary vascular lesions, which are evident first in
distal vessels, to be even higher than suspected from
angiography (5), Examination of coronary vascular flow
and reserve cotad offer considerable insight into acute
rejection and the chronic arteriepathy . In addition, such
investigation can contribute to our understanding of the
circulatory physiology in normal and denervated hearts
.
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The present study. Rechavia et al . (6) in this issue of the
journal offer information on the coronary circulation of
onhotopic heart transplants and indicate possibilities fur
improved monitoring and management of transplant recipi-
Cats . The inve-tigaiors examined the vasodilator responses
of
the coronary circulation to intravenous dipyridamole in 14
patients 1 .25 to 6.1 years (average 3 .6) after heart transplan-
tation . They employed positron omission tnmography with
oxygen-I5-labeled water as a melabolically inert tracer of
blood flow for noninvasive measurements of myocardial
blood flaw al baseline and after intravenous dipyridamole
infusion (7) The vasodilator responses, deflned as the ratio
of hyperemic to baseline myocardial blood flow, were found
to he significantly impaired in transplant patients when
compared with responses in a group of 12 normal subjects .
At the same time, although hyperemic blood flows tended to
be lower, values were not statistically different from those in
normal subjects . Thus, elevated baseline blood flows primar-
ily account for the attenuated vasodilator response These
ohservations are similar to those previously reported by
Krivokapich cl al . (8) . who noted in addition that myocardial
blood flow increased with supine bicycle exercise . Baseline
blood flows in both studies were elevated in p:eponion is
higher baseline rote-pressure products, resulting from
both cardiac denervalion (9) and the direct hypertensive
effect of cyclosporine 110)
. Blood flows in the previous
invr
a
tigadioos increased in proportion to exercise-induced
increases in the rate pressure product . The proportionality
between myocardial blood flow and the rate-pressure prod-
uct as an index of cardiac work implies that mechanisms
such as metabolic factors, which are responsible for changes
i n blood How in the normal heart, continue to be operative in
the orthotopieally transplanted heat . They further imply the
presence of a normal transmemhranous substrate exchange,
and normal responses
of
oxygen consumption
to
changes in
demand.
Coronary flow reserve In transplant recipients . Of further
interest arc the dipyridamole-induced maximal flows, which
did not differ significantly from those in the normal control
subjects and exceeded those observed by Krivokapich et at
.
181 dnrinc ,opine bicycle exercise . These findings support
the notion that limited exercise capacity, frequently noted
in
transplant recipients, is unlikely to be explained by a
limited myocardial perfusion reserve. The findings further
argue against the presence of significant immune-mediated
microvascular injury in these patients because the method
used
in this study primarily evaluates nutritional flow to
myocardial tissue. However, it is intriguing that dipynda-
mole-induced blood flows averaged 2.73 a 1.03 ml(min per g
in the transplant recipients compared with 3 .40
1,09 ml/min per g
in the normal subjects
. Whereas the
data demonstrate that the hyperemic flow is similar to
normal in most transplant recipients . there were three pa-
tients with no increase in lbw, as indicated by the flow
measurements after adjustment to rate-pressure product .
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However, such adjustment may be of limited value under
changing conditions, particularly when the heart rate, which
is elevated in transplant recipients, may be more important
than arterial pressure in determining coronary flow reserve
(11). We do not have information on the time from trans-
plantation for these patients who may have been manifesting
Carly evidence of comfury artery disease .
Coronary Now reserve during acute rejection . One poten .
tial clinical application of coronary flow reserve measure-
ment relates to acute rejection
. Reversible abnormalities of
coronary vascular reserve during cardiac rejection have
previously been demonstrated invasively by intracoronary
Doppler flow measurements (12) and uuninvasively by
positron emission tomography
(13) . It is unlikely that the
latter method will replace endomyocardial biopsy as the
standard for the diagnosis of rejection even if it were to enjoy
a greater sensitivity than the 70% to 8(Wz found in large trials
mull current noninvasive indicators of rejection. It may be
of more immediate utility in monitoring the course of
resolv-
ing
rejection, which is often limited by the variability of
biopsy specimens . Further controlled investigation of serial
coronary vascular reserve measurements during rejection
should also provide more physiologic information about the
frequency and severity of acute vascular rejection ( 3). which
has grave prognostic implications and cannot be reliably
assessed from random biopsy specimens
.
Accelerated graft coronary artery disease . The major
challenge facing the cardiac transplant community is to
understand, prevent and treat accelerated graft coronary
artery disease, Currently the routine detection of this entity
is delayed until major epicardiai lesions are visihlc on
nngiography, although distal vessel abnormalities occur
much earlier (4,5). Better detection of coronary artery
disease is essential not only to understand the process, but
also to measure the efficacy of preventive therapy, sich as
newer immunosuppressive agents directed at humoral re-
sponses.
Although more qualitative noninvasive approaches to the
detection of ischemia. such as thallium-201 scintigraphy
(14,15), have proved unsatisfactory, positron emission to-
mography can also quantitate regional vasodilator response
.
This issue is largely unaddressed by Rechavia et a!
(6) .
Although they state that the myocardial blood flow was
homogeneous at baseline and remained so during hyperemia,
this claim is supported largely by a coefficient of variation as
an index of relative homogeneity of blood flow
. It would
seem that regionally attenuated blood flow responses in an
individual patient would have had little if any effect on this
average value . Thus . it would seem important, in addition to
assessing overall quantitative measurements, to evaluate
more carefully individual changes in the relative distribution
of blood flow in response to pharmacologic vasodilation . On
the other hand, this is perhaps one of the drawbactts of the
technique as employed in this study in which the use of
oxygen-l5-labeled water limited the visual examination and
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quantilation of relative dishibnlions of blood flow, which
might be better accomplished by other positron emitting
tracers of blood flow (16)
Implications. This study, in cor nnciion with others,
confirms that cardiac transplant recipients without left ven .
tricolor hypertrophy have coronary flow levels that at rest
cpprupri e for sale-iircssure
Pi udvc( and rcspccd nor
sally to exercise and vacodilatlon in the majority
of patients.
It should be noted that this study End previous studies have
excluded patients with left ventricular hypertrophy, which is
a common condition resulting from the hyprtonsion after
transplantation
. Further insight into different patient groups
will require serial study on the longitudinal progress of
coronary vascular reserve impairment in relation to hyper-
trophy, vascular rejection, immunosupvressive therapy and
findings from coronary angiography . Such studies will re
quire many investigations of the same patients, which was
impractical when invasive cathete .rization was required. One
of the most important advances represented in this study and
others employing positron emission tomography is the abil-
ity to measure coronary vascular reserve noninvasively,
which will facilitate serial study . The work by Rechavia?t al .
(6) thus offers important insights into the coronary physiol-
ogy of heart transplants and points to further directions for
progress in diagnosis aid management of transplant recipi-
ents.
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